We used functional magnetic resonance imaging (fMRI) to investigate dysfunction in the amygdala and orbitofrontal cortex in adolescents with disruptive behavior disorders and psychopathic traits during a moral judgment task. Fourteen adolescents with psychopathic traits and 14 healthy controls were assessed using fMRI while they categorized illegal and legal behaviors in a moral judgment implicit association task. fMRI data were then analyzed using random-effects analysis of variance and functional connectivity. Youths with psychopathic traits showed reduced amygdala activity when making judgments about legal actions and reduced functional connectivity between the amygdala and orbitofrontal cortex during task performance. These results suggest that psychopathic traits are associated with amygdala and orbitofrontal cortex dysfunction. This dysfunction may relate to previous findings of disrupted moral judgment in this population.
Introduction
Psychopathic traits include remorselessness, shallow emotions, lack of empathy, manipulativeness, and irresponsibility. These traits predispose individuals to persistent and severe aggressive and antisocial behaviors and in youths may lead to diagnoses of disruptive behavior disorders such as Oppositional Defiant Disorder (ODD) and Conduct Disorder (CD) (Frick and White, 2008) . It has been argued that amygdala and orbitofrontal cortex dysfunction in adolescents with psychopathic traits disrupts emotion-based decision-making, including moral decision making (Blair, 2003; Viding, 2004; Kiehl, 2006; Blair, 2007) . On the basis of animal work investigating emotion based decision-making, Schoenbaum and colleagues have stressed the role of the amygdala in stimulus-reinforcement learning and of the orbitofrontal cortex in signaling outcome expectancies (Schoenbaum and Roesch, 2005) .
Learning the basics of care-based morality-that some actions harm others and should be avoided and that other actions help others and should be performed-relies on intact functioning of the amygdala and orbitofrontal cortex (Blair, 2007) . Specifically, the amygdala's role in stimulus-reinforcement learning may be to allow the individual to learn the goodness or badness of representations of actions. Positively and negatively valenced reinforcement expectancy information provided by the amygdala is then represented as a valenced outcome within the orbitofrontal cortex. Other systems then use this information to allow appropriate decision making, including moral judgments (Blair, 2007) .
The functional roles of the amygdala and orbitofrontal cortex may be compromised in youths with psychopathic traits (Blair, 2007) . Consistent with this, recent functional magnetic resonance imaging (fMRI) studies have demonstrated that youths with conduct problems and psychopathic traits show atypical amygdala and orbitofrontal cortex activity when viewing fearful or sad expressions and during reversal learning (Finger et al., 2008; Marsh et al., 2008; Jones et al., 2009; Passamonti et al., 2010) . Comparable results have been seen in adults with psychopathic traits (Kiehl et al., 2001; Gordon et al., 2004; Birbaumer et al., 2005) .
Moreover, both youths with psychopathic traits and adults with psychopathic traits show significant impairment in emotion-based decision making as indexed by both the passive avoidance learning paradigm and the Iowa gambling task (Newman and Kosson, 1986; Blair et al., 2001a; Blair et al., 2004) . Youths with psychopathic traits and adults with psychopathic traits are also impaired on some moral judgment tasks (Blair, 1995; Blair et al., 2001b) . Consistent with this, psychopathic murderers show a violent implicit association test (IAT) effect for violent actions: they show less of an association between violent actions and unpleasantness and between peaceful actions and pleasantness than do psychopathic non-murderers (Gray et al., 2003) .
While fMRI data strongly suggest amygdala and orbitofrontal cortex dysfunction in youths and adults with psychopathic traits (Kiehl et al., Psychiatry Research: Neuroimaging 194 (2011) 
Contents lists available at ScienceDirect
Psychiatry Research: Neuroimaging j o u r n a l h o m e p a g e : w w w. e l s ev i e r. c o m / l o c a t e / p syc h r e s n s
